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The white-clawed freshwater crayﬁsh Austropotamobius italicus is listed
as “vulnerable” in the Spanish Red List of threatened species, but local
legislation varies among Spanish regions. Thus, while in some places the
species is classiﬁed as “in risk of extinction” and various plans of con-
servation and restoration have been implemented, in the Basque Country
and other regions the species is not listed. The distribution of the white-
clawed crayﬁsh in the province of Biscay (Basque Country) was studied
from 1993 to 2007 at more than 600 sampling locations. Results show that
108 streams were inhabited by the native crayﬁsh species A. italicus while
137 streams were inhabited by non-native signal crayﬁsh Pacifastacus le-
niusculus or red-swamp crayﬁsh Procambarus clarkii. The spread of non-
native crayﬁsh is not the only threat to the native species whose survival is
also closely dependent on how watersheds are managed. Most A. italicus
populations inhabit headwaters, where forestry activities are very impor-
tant. The presence of native crayﬁsh in heavily forested areas results in
a conﬂict of interests and makes its conservation particularly difﬁcult. We
employed a SWOT analysis – an assessment and decision tool commonly
used in marketing and business – to evaluate the situation of the native
white-clawed crayﬁsh in Biscay, a province characterized by very high
demographic pressure. SWOT analysis has proved to be a useful diag-
nostic tool and can help develop better and more accurate management
strategies for the conservation of native crayﬁsh threatened by multiple
stressors.
RÉSUMÉ
Le futur de l’écrevisse à pattes blanches indigène Austropotamobius italicus dans
les rivières du pays basque : Est-il possible de survivre en étant une espèce gênante?
Mots-clés :
écrevisse
indigène,
analyse SWOT,
Péninsule
Ibérique,
L’écrevisse à pattes blanches Austropotamobius italicus est listée comme
« vulnérable » dans la liste rouge espagnole des espèces en danger, mais la
législation locale varie d’une région espagnole à l’autre. Alors que dans certains
endroits l’espèce est classée « en risque d’extinction » et que différents plans
de conservation et de réhabilitation sont mis en place, dans la Région Basque
et d’autres régions l’espèce n’est sur aucune liste. La distribution de l’écrevisse
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espèces
menacées,
gestion
à pattes blanches dans la province de Biscaye (Région Basque) a été étudiée de
1993 à 2007 dans plus de 600 sites échantillonnés. Les résultats montrent que
108 rivières sont occupées par l’espèce indigène A. italicus et que 137 rivières
sont occupées par des espèces non-indigènes, l’écrevisse signal Pacifastacus
leniusculus ou l’écrevisse de Louisiane Procambarus clarkii. La dispersion des es-
pèces allochtones n’est pas la seule menace sur l’espèce native dont la survie
dépend également de la manière dont les bassins versants sont gérés. La plupart
des populations d’A. italicus occupent les têtes de bassin où les activités fores-
tières sont très importantes. La présence d’écrevisses indigènes dans les zones
très forestières conduit à un conﬂit d’intérêts et rend sa conservation particuliè-
rement difﬁcile. Nous avons employé l’analyse SWOT, un outil d’évaluation et de
décision couramment utilisé en marketing et affaires, pour évaluer la situation de
l’écrevisse à pattes blanches en Biscaye, une province caractérisée par une forte
pression démographique. L’analyse SWOT est un outil de diagnostic utile. Elle
peut aider à développer de meilleures stratégies de gestion pour la conservation
des écrevisses indigènes menacées par de multiples stresseurs.
INTRODUCTION
Three species of freshwater crayﬁsh can be found in Basque Country streams (Northern
Iberian Peninsula): the indigenous white-clawed crayﬁsh (ICS) Austropotamobius italicus
(known until recently as A. pallipes) and the non-indigenous (NICS) signal crayﬁsh Pacifas-
tacus leniusculus (Dana, 1852) and red-swamp crayﬁsh Procambarus clarkii (Girard, 1852).
While the red-swamp crayﬁsh was introduced in an uncontrolled way from aquaculture facili-
ties, the signal crayﬁsh was introduced deliberately by the local Administration since the early
1980s into many streams that were either without decapods, or inhabited only by P. clarkii.
The introduction of the signal crayﬁsh into waters devastated by aphanomycosis or depleted
by pollution or habitat alteration was made not only to restore a traditional ﬁshing resource
but also as an attempt to reduce the expansion of red swamp crayﬁsh populations and to
control river vegetation (Matthews et al., 1993; Ackefors, 1999; Nyström, 1999). As a result,
breeding populations of signal and red swamp crayﬁshes are now present in many streams
of the Basque Country (Rallo and García-Arberas, 2002). In contrast, small populations of the
native white-clawed crayﬁsh are found in the Basque Country only in brooks, small springs,
and in headwaters of a limited number of streams (García-Arberas and Rallo, 2000). Although
spread of the fungus Aphanomyces astaci is the main reason given to explain the disap-
pearance of most native crayﬁshes from European waters (Diéguez-Uribeondo et al., 1997b;
Söderhall and Cerenius, 1999), the decline of these species is also due to habitat loss and
habitat degradation (Westman, 1985;S m i t het al., 1996; Rallo et al., 2001; Souty-Grosset
et al., 2006).
Here we used SWOT analysis to evaluate the situation of the indigenous white-clawed cray-
ﬁsh A. italicus in the province of Biscay (Basque Country). The analysis of the Strengths,
Weaknesses, Opportunities and Threats (SWOT) is a strategic planning method used to iden-
tify the internal and external factors that are favourable and unfavourable to achieve an ob-
jective. SWOT analysis is commonly used in the ﬁnancial and business sectors, and it has
also been employed for education purposes in recent years, but it has not yet been applied
in environmental studies or conservation. We employed SWOT to evaluate the survival op-
portunities of a threatened aquatic species under the socio-economic conditions typical of a
highly populated region.
MATERIALS AND METHODS
Basque country is located in the North of the Iberian Peninsula and it is administratively
divided in three provinces. The work was carried out in the province of Biscay, a small
but much crowed coastal territory with a surface of 2220 km2 and a population density
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of 512 inhabitants·km−2. The general conditions of the hydrographic basins of the Basque
Country have already been described (Docampo et al., 1991; Rallo, 1992). The streams, be-
longing to the Cantabrian basins, are short (distance to source is 26.5 ± 8.0 km, range 3.7 to
35.6), with relatively steep slopes (0.9±0.3%, range 0.4 to 1.7), and ﬂuctuating ﬂow rates with
peak ﬂows in spring and autumn (mean annual ﬂow = 2.7 ± 3.8 m3·s−1, range 0.6 to 15.4).
From 1993 to 2007 we sampled more than 600 locations during the summer and early autumn
months (July to October). Crayﬁsh presence was detected using a variety of methods. Thus,
in small rivers and shallow waters, visual censuses were carried out at night with the help
of a head lamp. Nocturnal visual searches were limited to 30 minutes and the length of the
ﬂuvial reach covered was recorded. In some cases crayﬁsh were also caught by hand for sex
determination and biometric analysis. Non-native crayﬁsh generally inhabit larger and deeper
sites, and in these cases baited traps were used and a minimum stream length of 400 m was
sampled.
The following habitat data were recorded at each sampling site: mean wetted width and
water depth, hydrogeomorphologicalcharacteristics,substrate and riverbank vegetation, and
anthropogenic disturbances. In most cases water and macroinvertebrate samples were taken
in order to measure other physical, chemical and biological variables.
RESULTS AND DISCUSSION
The objective of our SWOT analysis was to evaluate the possibilities for the threatened na-
tive freshwater crayﬁsh A. italicus to survive in Biscay. Therefore, the strengths, weaknesses,
opportunities and threats are listed and discussed below (Table I).
STRENGTHS
From a conservation perspective, the strengths of the white-clawed crayﬁsh are the inherent
attributes of the species – internal factors – that will likely help its long-term survival. Molec-
ular data supports a natural origin of A. italicus in the Iberian Peninsula (Santucci et al., 1997;
Diéguez-Uribeondo et al., 2008). It is obvious that the fact of being an indigenous species
helps it in order to be “favoured” in terms of biodiversity conservation. Early controversies
about the possible non-native origin of the species have been used as an argument to ex-
clude it from the list of native species, but this is now rarely an issue. Iberian crayﬁsh pop-
ulations show low genetic variability and limited genetic differentiation (Diéguez-Uribeondo
et al., 2008), and may be considered as a single Evolutionarily Signiﬁcant Unit (ESU) for the
purposes of conservation (Moritz et al., 1987). In this sense, crayﬁsh translocations and re-
stocking of Iberian populations are much easier. A. italicus is present in 108 streams In Biscay
(Figure 1,T a b l eII), which represents a relatively wide distribution, at least when it is compared
to that found in nearby areas (Alonso et al., 2000).
WEAKNESSES
Weaknesses are the attributes of the species – internal factors – that may hamper its
long-term survival. A. italicus is not resistant to the crayﬁsh plague, and has virtually dis-
appeared from the Iberian Peninsula over the past 30 years mainly due to this disease
(Diéguez-Uribeondo et al., 1997b). The remaining surviving populations are generally small
and fragmented, which would limit their dispersal and make them particularly vulnerable
to habitat alterations (Bubb et al., 2008). Although geographical isolation can have some
positive effects on crayﬁsh survival, it doesn’t offer a sufﬁcient guarantee (Gil-Sánchez and
Alba-Tercedor, 2006). In Biscay A. italicus inhabits small, shallow waterways (average wetted
width = 1.1 ± 0.6 m; mean depth = 14 ± 9 cm). Half of the sampled populations were dis-
tributed in a fragmented, discontinuous way, in separate stretches or in small ponds, while
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Table I
SWOT analysis: attributes and conditions of the indigenous freshwater crayﬁsh A. italicus in the province
of Biscay (Basque Country, Iberian Peninsula).
Tableau I
Analyse SWOT : caractéristiques et conditions de l’écrevisse indigène A. italicus dans la province de
Biscaye (Pays Basque, Péninsule ibérique).
Internal External
STRENGTHS OPPORTUNITIES
H
e
l
p
f
u
l
1) Indigenous species 1) Level of knowledge: distribution, state
2) Relatively high number of populations of the populations and optimal habitat
3) Iberian crayﬁsh stock: low genetic 2) Fishing is forbidden
variability → single ESU for conservation 3) Crayﬁsh plague remains only with crayﬁsh
→ after disappearance, restocking is possible
4) Some successful essays of reintroduction
5) NICS are not introduced anymore
6) NICS can be ﬁshed in a few preserves
7) European network CRAYNET
→ contacts between scientists and managers
8) Riverines are not landowners → easier
management
9) An increasing environmental “sensibility”
10) Conservations efforts are greater
in high income countries
WEAKNESSES THREATS
H
a
r
m
f
u
l
1) Not resistant to crayﬁsh plague 1) Charismatic appeal is going down
(Aphanomyces astaci) 2) Local legislation: not cataloged
2) Very small and isolated populations 3) Little economic effort in management
3) It is no vertebrate 4) Few coordination between managers
5) There are no farms → no exemplars for restocking
6) Poaching
7) NICS presence (competition and aphanomycosis)
8) NICS can be ﬁshed in a few preserves
9) A very crowed territory (512 ind·km−2)
10) Territory uses: water demand
11) Land use: forestry pressure (exotic species)
12) Habitat alteration, disturbance and losing
in the rest of the cases the whole population was in continuous but short river sections. Al-
though the sampled stretches showed a relative high variability, between 10 and 500 m long
(average = 128.4 ± 104.1 m), in most of these cases were below or near 100 m long.
The decline of small and isolated populations is common among white-clawed crayﬁsh. An
extinction rate of 1.09 population/yearis described in Granada (12351 km2; Andalusia, South-
ern Iberian Peninsula), where 26 populations of A. italicus were in the census at the beginning
of the study (Gil-Sánchez and Alba-Tercedor, 2006). In Biscay, at least 32 populations have
disappeared from 1993 to 2007 (Table II). Crayﬁsh mass mortalities that could have been due
to the crayﬁsh plague were not detected, suggesting that other factors must have caused
local extinctions. Indeed, habitat alteration was identiﬁed as the most likely cause for the dis-
appearance of both native and non-native crayﬁsh from Basque streams (Rallo et al., 2001,
2004). High vulnerability to crayﬁsh plague, but also to habitat alteration, must therefore be
regarded as important weaknesses of the native crayﬁsh from the perspective of any SWOT
analysis.
Another weakness is the fact that there is rarely support for invertebrate conservation. There
is only a weak relationship between conservation status in the IUCN Red List and likelihood
of receiving funding for conservation (Sitas et al., 2009). For example, LIFE has co-ﬁnanced
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Table II
Number of localities visited in the province of Biscay from 1993 to 2007. Distribution of the different
species of freshwater crayﬁsh (No. of sample sites with or without crayﬁsh) and changes on the popula-
tions observed during that period.
Tableau II
Nombre de sites visités dans la province de Biscaye de 1993 à 2007. Distribution des différentes es-
pèces d’écrevisses (nombre de sites échantillonnés avec ou sans écrevisses) et changements observés
dans les populations pendant cette période.
Freshwater crayﬁsh populations No. localities
A. italicus presence 108
A. italicus disappeared 32
A. italicus reintroductions 10
First A. italicus,n o wP. leniusculus 7
First A. italicus,t h e nP. leniusculus, now no crayﬁsh 2
No crayﬁsh 312
First no crayﬁsh, now P. leniusculus 4
P. clarkii presence 7
P. leniusculus presence 96
P. leniusculus and P. clarkii presence 23
FirstP. leniusculus, now disappeared 5
some 2750 projects and contributed approximately e 1.35 billion to the protection of the
environment since 1992. Projects involving vertebrates (particularly those involving birds)
have received most of the funding, and only 11.8% of funded projects involved invertebrates
(http://ec.europa.eu/environment/life/project/Projects/).
OPPORTUNITIES
Opportunities are those external conditions that can promote or enhance species’ survival.
There is a good level of knowledge about the distribution and conservation status of fresh-
water crayﬁsh in Biscay, based on long-term, extensive sampling of more than 600 locations
(Figure 1,T a b l eII). Previous studies have shown that both native and non-native crayﬁsh tend
to inhabit waters characterised by high Mg+2 and SO−2
4 concentrations, but that signal cray-
ﬁsh prefer higher values of SO−2
4 than the native species (Rallo and García-Arberas, 2002). As
restocking is possible on “empty” streams free of Aphanomyces (Schulz et al., 2002)( T a b l eI),
successful reintroductions of A. italicus have been carried out in Biscay, using knowledge on
water chemistry preferences and individuals from nearby areas out of Biscay.
There are also some conservation opportunities related to legislation. The trade of live non-
native crayﬁsh is now illegal in the Basque Country, making accidental introductions less
likely. The government ceased the deliberate introductions of P. leniusculus in 1997. Fishing
for native crayﬁsh is also banned, and although signal crayﬁsh can be ﬁshed in a few stream
reserves, these must be sacriﬁced to minimise the risk of illegal translocations. Neverthe-
less, the effective ﬁshing pressure is low: ﬁshing periods are short and the activity is devel-
oped under accurate supervision in a few preserves with a controlled number of ﬁshermen
(e.g. 259 licenses in 2007, with only 7 preserves open for a month in 5 rivers). Although ﬁsh-
ing of non-native crayﬁsh may always carry the risk of accidental or deliberate translocations,
ﬁshing is considered an opportunity because it entails restoring a traditional ﬁshing resource,
and also because ﬁshing for non-native species may lessen illegal ﬁshing of native crayﬁsh
(Taugbol, 2004;J o n e set al., 2006). Finally, international collaboration can also be considered
an opportunity for SWOT analysis, as it allows scientists, managers and other stakeholders
to work together on crayﬁsh conservation, as in the EU-network CRAYNET (Souty-Grossset,
2005).
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THREATS
Threats include those external conditions that hamper or prevent species’ survival.
Austropotamobius italicus (as A. pallipes synonym) is included as “vulnerable” in the Span-
ish Red List of Threatened Species, but as in other countries (Holdich and Pöckl, 2005;
Peters and Lodge, 2009), local attitudes and legislation vary among different regions of Spain
(http://www.mma.es/). In some regions, the species is classiﬁed as “in risk of extinction” and
various plans of conservation and restoration have been implemented (Diéguez-Uribeondo
et al., 1997a; http://portal.aragon.es/). In the Basque Country, the species is not listed and
there are no legal protection plans. Moreover, crayﬁsh management involves many depart-
ments from different Administrations (Local, Regional, State, EU), and coordination (essential
for the development of effective management plans) is often poor. In Biscay, the historically
charismatic appeal of the species to rural societies is on the decline, as society becomes
increasingly more “urban” and loses touch with the countryside. Lack of news about native
crayﬁsh in the Basque media represents a threat, in contrast to other regions in Spain or else-
where in Europe, where native crayﬁsh are more appreciated (Reynolds and Puky, 2005). In
addition, there is no pressure group rallying support for crayﬁsh conservation in the Basque
Country and, consequently, political gains are small and funds allocated to A. italicus conser-
vation only modest.
The spread of non-native crayﬁsh represents a threat for the native species due to competi-
tion and transmission of aphanomycosis (Alderman et al., 1990; Diéguez-Uribeondo, 2006).
In Biscay, there are breeding populations of signal crayﬁsh in the middle reaches of many
streams (Figure 1). Large numbers of signal crayﬁsh were introduced by the Administration in
Biscay from 1989 to 1997 (738000 larvae stocked in all basins from 1994 to 1997). Although
signal crayﬁsh settled in just one basin (Nervión-Ibaizabal), the possibility of translocations is
high given the presence of wild populations nearby and the existence of a crayﬁsh ﬁshery.
The presence of non-native crayﬁsh is considered an important factor that could be harmful
to the survival of the native species (Schulz et al., 2006). Even if some small populations of
P. leniusculus have disappeared, little or no changes have been observed in the distribution of
non-native crayﬁsh in Biscay over the last decade. Colonisation of signal crayﬁsh is rapid in a
downstream direction, but colonisation of headwaters is likely to be much slower (Bubb et al.,
2004). This means that conservation efforts should be directed primarily towards conserva-
tion of native crayﬁsh inhabiting headwaters, as efforts in these areas are likely to be more
worthwhile. In that sense, an important restocking effort is needed, but in Basque Country
there are not farms and A. italicus natural populations are small to be used as a source of
crayﬁsh for translocations, so getting exemplars for restocking purposes is difﬁcult in Biscay.
In relation to land uses, Biscay is a much crowded territory and water demand in the province
is very high for both human consumption an industrial purposes (http://www.uragentzia.
euskadi.net/). Water quality in Biscay rivers has improved in recent years, but water ﬂows
show a marked decreasing trend (Díaz, 2002). Forestry pressure in Biscay is also very high
(EUSTAT: Basque Statistics Ofﬁce; http://www.eustat.es). More than 40% of the surface of
the Territory consists of forestry plantations, most of them made up of exotic conifers and
eucalyptus (Figure 2), which are heavily subsidised by Government. Although forest turnover
has decreased in recent years, felling rates have remained relatively stable (Figure 3). Most
A. italicus populations inhabit the upper reaches of the basins, where forestry activity is very
important and can severely impact the natural habitat of the species. This situation puts con-
servation of native crayﬁshin direct conﬂict with the development of forestryactivities, making
its conservation particularly difﬁcult.
We have analysed the presence of crayﬁsh in relation to the number and type of different
stressorsaffectingthe streamchannel(Figure 4). Surveysconducted from2004 to 2007 reveal
that 223 locations considered adequate for ICS were inhabited by A. italicus or empty. Up to
60% of the locations where A. italicus were present were affected by some type of stressor
perturbing them, the most frequent being land forestry trails. Both forestry activity and trails
use imply erosion of the landscape by water runoff. This way, silting is a common stressor in
many locations inhabited by native crayﬁsh, and very high values of suspended solids were
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Figure 2
Land surface distribution in the province of Biscay (total area of the province 2200 km2) (Source of data:
EUSTAT, 2005).
Figure 2
Distribution de l’occupation de l’espace dans la province de Biscaye (surface totale de la province
2200 km2) (Source des données : EUSTAT, 2005).
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Figure 3
Final agricultural production by sector since 1995 to 2005 (left) and volume of wood cuts authorised in
the province of Biscay (right, thousand m3) (Source of data: EUSTAT, 2005).
Figure 3
Production agricole par secteur de 1995 à 2005 (à gauche) et volume de bois autorisé à la coupe dans
la province de Biscaye (à droite, millier m3) (Source des données : EUSTAT, 2005).
found (74.3±46.9 mg·L−1 on average in the streams inhabited by A. italicus, but at least 50%
of them showed values greater than 75 mg·L−1). Silting affects the habitat of crayﬁsh and also
crayﬁsh directly. Clogging of substrate by silt can signiﬁcantly reduce juvenile survival (Neveu,
2007), and also damage the gills of crayﬁsh. Other stressors commonly found include habitat
alterations due to road works, construction of dams, as well as pollution which is frequent
in such a crowded area as Biscay. Such stressors affect all ﬂuvial ecosystem, but tend to
be more frequent in the middle and low reaches, so their impact on the native crayﬁsh is
lessened.
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Figure 4
Occurrence and type of stressors in the streams inhabited by Austropotamobius italicus and in stream
reaches without crayﬁsh but considered adequate for ICS. (In “others” water catchments, works on
channel, etc., are included.)
Figure 4
Occurrence et types de stresseurs dans les rivières occupées par Austropotamobius italicus et dans
les secteurs de rivières sans écrevisses mais considérés comme propices aux ICS. (Dans les « autres »
bassins versants, les travaux sur canaux, etc., sont inclus.)
CONCLUSION
SWOT analysis has proved useful for identifying those factors most likely to affect the per-
sistence and long-term survival of the native white-clawed crayﬁsh. But what can be done
to improve the specie’s survival? In classical SWOT analysis the questions become: Can we
use and capitalize on eachStrength?,How canwe improveeachWeakness?,How canwe ex-
ploit and beneﬁt from each Opportunity?, How can we mitigate each Threat? Since strengths
and weaknesses are internal factors, and our SWOT aim here is crayﬁsh survival, little or no
change appears possible. For example, attempts are being made to breed crayﬁshes tolerant
to the crayﬁsh plague, but low genetic diversity is considered a limitation for captive-breeding
of crayﬁsh in the Iberian Peninsula (Diéguez-Uribeondo et al., 2008). Likewise, securing funds
for conservation of an invertebrate species is an inherent weakness for crayﬁsh conservation,
about which little or nothing can de done. We must, instead, turn our attention to Opportuni-
ties and Threats, because they are external to the species, and can be more easily modiﬁed.
A comparison between opportunities and threats (including ﬁve main groups on each: knowl-
edge, legislation, restocking, social parameters and management), reveals an unbalanced
scenario where threats seem to outweigh opportunities. The future of freshwater crayﬁsh de-
pends, hence, on the possibility of turning threats into opportunities while, of course, capital-
izing on existing opportunities. Several threats to native crayﬁsh conservation in Biscay could
be turned into opportunities, including inclusion in the local red list, and raising the charis-
matic proﬁle of the species, which are already listed as opportunities in nearby areas. Other
opportunities include development of legislation rooted by adequate enforcement, better en-
vironmental education, and increasing coordination between managers and scientists who
have a crucial role to play in crayﬁsh conservation and management (Taugbol and Skurdal,
1999;M e f f eet al., 2002; Reynolds and Pucky, 2005). This could be the way to level the bal-
ance in order to lead the survival of the native crayﬁsh. The situation of Austropotamobius
italicus is critical in the Basque Country. Native crayﬁsh represents an inconvenient species
for a pressure economic group (forestry), and its survival is impossible under this scenario.
This underlines the need to prioritize and develop conservation measures before species de-
cline to levels from which they cannot recover. Urgent and simultaneous changes are needed
in order to turn threats into opportunities. A. italicus should be catalogued in the red list of
the Basque Country and protected areas should be established. Other management actions,
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such as changesfromexisting forestpolicy to moresustainable forestmanagementpractices,
are also needed. Finally, dissemination of crayﬁsh status and needs, and public support for
crayﬁsh conservation appear essential for the long-term conservation of the species.
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